ABSTRACT Maximal static inspiratory and expiratory pressures (Pi,, and Pema,) were measured in six different positions in 40 patients with advanced chronic airflow limitation and in 140 normal subjects to determine whether posture influences respiratory muscle strength. Patients with chronic airflow limitation were studied on days 1 and 5 of an acute exacerbation. There was no postural effect on maximal static pressures in the normal subjects. We divided our patients with chronic airflow limitation into "moderate" and "severe" groups on the basis of a Pim in the standing position greater or less than 35 cm H2O. The seated leaning-forward position was the preferred posture in 22 of the 23 "severe" patients and 13 of the 17 "moderate" patients. Pimax was greater in the seated leaning-forward position than in the other positions studied (p < 0-001) on days 1 and 5 in the "severe" patients and (p < 0.05) on day 5 in the "moderate" patients. Posture had no influence on Pemax in patients with chronic airflow limitation. There was a significant improvement in both Pim (p < 0.01 for the "severe" group and p < 0-05 for the "moderate" group) and IPemu (p < 0-01 for both groups) between days 1 and 5. The seated leaning-forward position was the optimum posture for the patients to generate maximum inspiratory pressures and to obtain greatest subjective relief of dyspnoea. One hundred and forty normal adults were tested to establish a normal range and to determine whether postural changes affected maximal pressures in normal subjects. All subjects were Caucasian and comprised 10 men and 10 women in each decade from 20 to 80 years and in the age group 80-85 years. All were symptom free, had a normal chest radiograph, and spirometric values4 within the predicted normal range. One hundred and sixteen of the subjects were patients on general medical and surgical wards; the remainder were 595
Maximal static pressures were measured with two diaphragm pressure gauges, one recording negative and the other positive pressure by the method of Black and Hyatt.3 The gauges were calibrated with a differential pressure transducer (Statham PM-131, TC; Statham Instruments, Hato Rey, California); their recorded pressures were within + 5% of transducer pressure up to 300 cm H20 expiratory pressure and 160 cm H2O inspiratory pressure.
One hundred and forty normal adults were tested to establish a normal range and to determine whether postural changes affected maximal pressures in normal subjects. All subjects were Caucasian and comprised 10 men and 10 women in each decade from 20 to 80 years and in the age group 80-85 years. All were symptom free, had a normal chest radiograph, and spirometric values4 within the predicted normal range. One hundred and sixteen of the subjects were patients on general medical and surgical wards; the remainder were 596 healthy physicians, medical students, and laboratory technicians. Thirty of the men and 22 of the women were smokers. There was no correlation (r = 0*221; p > 0.05) between smoking history and the static pressures generated.
Measurements were made in six positionsstanding erect, supine, seated erect, seated leaning forward at a 450 angle, and right and left lateral decubitus. All subjects wore nose clips and pressed their lips tightly against the mouthpiece during the pressure measurements to prevent an air leak. They were instructed not to suck and to keep their hands closely applied to their cheeks. Maximal inspiratory pressure (Pim.) was measured at residual volume (RV) and maximal expiratory pressure (Pem,) at total lung capacity (TLC). The pressures recorded were maintained for at least one second. The determinations were repeated until three technically satisfactory measurements were obtained and the highest value of each was used. The order of positions in which the pressures were measured was varied in random sequence for each age group.
Forty patients with previously diagnosed chronic airflow limitation on the basis of FEV, and FEV1/ FVC ratio always less than 60% of the predicted value and less than 10% improvement after bronchodilator were studied during the course of an acute exacerbation. The study had been previously approved by the hospital ethics committee. The patient group comprised 23 men and 17 women with a mean age of 69-4 years and a range of 44-84 years. Patients having steroid treatment or with pulmonary infiltrates were excluded from the study. The patients were studied on days 1 and 5 of their hospital admission after informed consent had been obtained. All patients complained of dyspnoea at rest in the upright posture on day 1 of the study. The patients were studied in each of six positions: standing, seated erect, seated leaning forward, supine, and right and left lateral decubitus. They were allowed to rest three minutes in each position before being tested. The following physical signss were assessed in each position: (1) costal paradox with decrease in lateral diameter of costal margin on inspiration (Hoovers sign)6; (2) Normal subjects and patients were, however, excluded from the study if by observation they appeared not to reach the desired volume (RV or TLC) before the pressure measurement. All patients had serum theophylline concentrations in the range 10-20 ,ug/ml on the days of testing. Serum potassium, magnesium, phosphate, and calcium concentrations were measured to exclude from study patients with an overt metabolic cause for respiratory muscle weakness.
Spirometric measurements7 and plethysmographic lung volumes8 in the seated erect posture were obtained on both days. Height and weight were recorded in all subjects and ideal weight was estimated from Metropolitan Life Insurance tables.9 Radiological evidence of hyperinflation was taken to be present if the following three indices were present'0: (1) the right hemidiaphragm was at or below the seventh rib anteriorly; (2) a vertical line to the top of the diaphragm from a line between the cardiophrenic and costophrenic sulci was less than 1-5 cm; (3) the diaphragmatic excursion between full inspiratory and expiratory films was less than 3 cm. '5 We can only surmise that these differences reflect minor variations in technique and selection of subjects, yielding differences in motivation, respiratory muscle strength, and skill in performing ventilatory manoeuvres. The absence of any postural effect on the maximal static pressures generated by our normal subjects is noteworthy.
The preference for the seated leaning-forward position in 22 of the 23 "severe" patients and 13 of the 17 "moderate" patients confirms previous reports.2 16 This position was assumed automatically by these patients during acute exacerbations of their disease as the optimum position in which to obtain relief of dyspnoea. The superiority of this position as a generator of maximum inspiratory pressure (table 2) and its association with subjective relief of dyspnoea (table 3) is probably due at least in part to compression of abdominal contents and stretching of the diaphragm, thereby improving its lengthtension relationship. Contrary to the findings of previous studies,2 17 the supine position was infrequently the preferred posture in our patients (5%) and offered no advantage over the other postures as an inspiratory pressure generator or in subjective relief of dyspnoea. It would appear that improvement of diaphragm length-tension relationships is only one factor operating in the postural relief of dyspnoea in severe chronic airflow limitation.
The improvement in Pima, over the five days in hospital (table 2) might be due to a sustained therapeutic concentration of theophylline or improvement in arterial blood gas tensions, or both. The reduction in lung volumes (TLC and RV) and improvement in FEV1 from day 1 to day 5 were not significant. Nevertheless, even a modest reduction in residual volume (25% of predicted volume in the moderate group and 28% in the severe group) may have significantly decreased the mechanical disadvantage of the inspiratory muscles.
We have used Pema, as an index of general debility because the expiratory muscles are not necessarily at a mechanical disadvantage in severe chronic airflow limitation. The importance of malnutrition in producing respiratory muscle weakness has recently been emphasised by Arora H20 on day 1 in the moderate and severe groups respectively). This deficit in Pem.,, in severe chronic airflow limitation has previously been described '2 and presumably reflects malnutrition and general debility. The relatively greater initial diminution in PimZ,-to mean values of 50% and 30% of predicted, compared with Pem,,, values of 75% and 50% of predicted in the moderate and severe groups respectively-suggests that the mechanical disadvantage of the inspiratory muscles is an additional contributory factor acting in concert with malnutrition and general debility in the observed reduction in maximal static pressures.
We acknowledge the considerable degree ot interobserver variability in previous studies of physical signs in the respiratory system'920 and the consequent unsatisfactory nature of a one-observer approach to their detection. Despite this caveat, the postural dependence of costal paradox is interesting (table 4) , and presumably reflects the enhanced pressure-generating efficiency of the inspiratory muscles in the seated leaning-forward position. All physical signs were significantly less on day 5 than on day 1, correlating with the improved inspiratory pressures and clinical state of the patients.
In conclusion, the seated leaning-forward position was assocated with the ability to generate higher maximum inspiratory pressures and with the greatest subjective relief of dyspnoea. Improvement in maximum static inspiratory pressures with treatment during the course of an acute exacerbation of chronic airflow limitation is paralleled by a reduction in abnormal physical signs. 
